B y B. O. P a y n e
T h e British optical instrum ent industry survived and prospered between the seventeenth and tw entieth centuries largely through the dedicated efforts of a small num ber of talented and highly skilled men whose scientific and commercial acumen enabled it to keep abreast, and in many cases ahead, of foreign competition.
In a changing world, W ilfred Taylor m ust have been one of the last of these. His life spanned the period from the craftsm an-m ade instrum ents of the late nineteenth century to the m ass-produced equivalents of the m id-tw entieth century; from instrum ents using mainly visible light, in com bination with the hum an eye or photographic plate, to the electrooptical systems of today, capable of utilizing a far wider range of electro magnetic radiations and processing the information obtained to produce output in a great variety of forms.
P a r e n t s a n d e a r l y l i f e
Edw ard W ilfred Taylor was born at 20 Bootham Terrace, York, on 29 A pril 1891, the son of H arold D ennis Taylor, optical designer with Thom as Cooke & Sons, scientific instrum ent makers of York, and C harlotte Fernandes Taylor, nee Barff, who appears to have been of Portuguese descent.
T h e achievements of H. Dennis Taylor are well documented elsewhere (e.g. obituary notice in Nature 151, 442, 1943) . He was a prolific inventor of optical instrum ents, including astronomical telescopes, internal-base range-finders and photographic lenses, one of which, the 'Cooke' lens, was the forerunner of the modern photographic anastigmat. His books included the classic The adjustment and testing of telescope , first published in 1891, and A system of applied , published in 1906. T he latter describes a m ethod of optical design based upon the work of Coddington. He was for many years a D irector and Optical M anager of Thom as Cooke & Sons and was awarded the D uddell M edal of the Physical Society and the Progress M edal of the Royal Photographic Society.
W ilfred Taylor had one older brother and a younger sister. T he childhood picture is of a happy home with loving and understanding parents. T o quote his own words-'M y father was a man of en cyclopaedic knowledge, who seemed always to be working out some new optical invention or formula. He could, none the less, put all this to one side and derive great pleasure from a country walk, cycle ride or climb. His tastes were simple and he was very self-sufficient. M y m other understood him well and knew how to order the household so as to give his genius full scope. ' It seems likely that Taylor inherited m uch of his scientific ability and inventiveness from his father. T hey seem to have been very close to one another and to have had an early understanding that he was 'destined' to follow his father in a career in the optical instrum ent industry.
S c h o o l d a y s
His early schooling was initially at a York pre-preparatory school run by S. S. Barnes and from 1903 to 1905 was at Orleton preparatory school at Scarborough, which apparently he did not find to be very stimulating.
T hen in 1905, at the age of 14, he started his public school career at Oundle. Here he was fortunate to come m uch under the influence of his housemaster, H. M. King, and his headmaster, the famous F. W. Sanderson.
Oundle was unusual among public schools in those days in laying less emphasis upon organized sport and more upon outdoor pursuits of an individual nature. He was encouraged by H. M. King to make good use of the countryside and, being a keen naturalist from the start, his leisure pursuits at Oundle laid a firm foundation for his abiding interests in later life.
T he subject of engineering, both theoretical and practical, was also part of the Oundle syllabus and was very m uch to his liking. Altogether this seems to have formed a very useful and satisfying phase of his early career which helped to develop his latent ability in the scientific method.
Dennis Taylor himself had not found the lack of a university education detrim ental to his career. He had enlarged his mathematical and scientific knowledge, as necessary, to meet the requirem ents of his work and, rightly or wrongly, he considered that his son would be better occupied on leaving school in acquiring the practical skills of his trade on the shop floor than in studying for a university degree. W ilfred Taylor therefore agreed, with some reluctance, to leave O undle in 1908 to take up an apprenticeship at Thom as Cooke & Sons in York. He tried hard to appreciate his father's point of view over this, but the pill can have been made no easier to swallow by the knowledge that his elder brother had been allowed to go to Cam bridge, where he was to spend five years at Clare College before his entry into the Civil Service. T h e lack of a university education continued for some time to be a m atter of regret, but, happily, he was not to be w ithout academic honours in the later stages of his life.
T h e y e a r s p r e c e d i n g W o r l d W a r I From 1908 to 1911 he received a rigorous training as an apprentice, w orking from 6 a.m. to 5 p.m ., and attending night school from 7 to 9 p.m . T his period was not unrew arding since, in the course of it he won a num ber of prizes, including a K ing's Prize in M athem atics, and it laid a sound foundation for the future.
T h en , in 1912, the U nited States Coast Defence held a series of International Rangefinder trials at Fort M unroe, Virginia, and Taylor was deputed to arrange for the dispatch of a full set of coastal fire-control equipm ent and to attend the trials as the sole representative of his firm. Fortunately he was well acquainted w ith his father's design of internalbase rangefinder, having studied and used these instrum ents during his school holidays.
He travelled to New York on the ill-fated , returning nearly three m onths later on her sister-ship, the Mauretania. T h e trials were a technical success but did not result in any sales, as their object seemed to have been to enable the U .S. to study the latest European designs rather than to purchase hardware. Trials which he later attended in the U nited K ingdom were more successful, resulting in orders from the G overn m ents of Spain and Russia and, during W orld W ar I, from the British Adm iralty.
T his phase of his life concluded with a period during 1914 spent in the works of Taylor, Taylor & H obson, optical instrum ent makers of Leicester. He was then drafted to the 9th Loyal N orth Lancashire Regiment which, in 1916, became engaged in the First Battle of the Somme. He was wounded in the arm while on patrol and, as a result, was sent home to recuperate for some m onths.
At the end of his convalescence the Services seem to have realized that his talents were not being used to best effect in the trenches and he was ordered to report to Scapa Flow.
Here he spent some time checking the fire-control apparatus on a num ber of capital ships and his duties allowed for some spare-tim e study of the teeming bird life of the Flow. Also, on the King George , the flagship of the Second Battle Squadron, he was involved in fishing 'forays' in the ship's whaler which helped to keep the wardroom well supplied with fresh fish! On another memorable off-duty occasion he was allowed to climb up to the crow's nest of the King George V when the whole fleet was engaged in a sweep far out into the N orth Sea and surveyed a truly impressive display of naval power.
In January 1917 he was officially seconded to the Navy as a Lieutenant R .N .V .R . and appointed to H .M .S. President on the staff of the D epartm ent of Torpedoes and M ines, which also included searchlights. T his necessitated working from an office in W hitehall-a dram atic and not-altogether welcome change of scenery from the heady days at Scapa Flow.
D uring the next two years Taylor was involved in the re-equipm ent of the whole fleet with searchlights of the most advanced design and, since everything had to be ready on the quayside for each capital ship when she came in to refit, quite a lot of travelling was involved in ensuring that the various supply problems were adequately solved. Each ship was equipped with eight searchlights with 36 inch diam eter m irrors. All were controlled electrically from a single station and could be brought to the same bearing w ithout showing a glimmer of light. T hey were fitted with shutters which could be opened or closed simultaneously, thus unexpectedly flooding an enemy ship with light and placing it at a great disadvantage.
T he complicated programme for the design, m anufacture and delivery of this equipm ent occupied him until demobilization in April 1919.
T h e y e a r s b e t w e e n t h e w a r s
Now aged 28, Taylor rejoined his old firm, Thom as Cooke & Sons of York. D uring the war this had been taken over by the Vickers organization, partly as a means of securing optical knowledge in the design of fire-control equipm ent. Initially he spent six m onths in London with the firm of Adam Hilger, at that time controlled from York, acquiring specialized experience in the field of spectrometers and inter ferometers, after which he returned to York as Assistant Optical Manager.
In 1921 he was m arried to W inifred M ary H unter at T unbridge Wells and set up house in York, being appointed Optical M anager to the firm (now Cooke, Troughton & Simms Ltd) in 1926. At about this time he was offered a position in the new Solar O bservatory at C anberra in Australia, but after m uch thought decided not to accept it.
H is experience of astronomical instrum ents included the construction and adjustm ent of photo-visual telescope objectives. These were the invention of his father and utilized a num ber of optical glasses of differing dispersions to ensure freedom from secondary spectrum -one of the m ost difficult conditions to fulfil w ith a refracting objective, especially when a good photographic correction was required. These objectives were constructed up to an aperture of 12.5 inches.
L ater contracts included the figuring of an 18 inch aperture achromatic objective for the Brazilian N ational Observatory, the figuring of large astro-photographic lenses of the 'Cooke' type for the Radcliffe Observa tory and the m anufacture of T ransit Instrum ents for M auritius, Singapore and Colombo.
N earer home he was involved in the design and m anufacture of a 24 inch azim uth instrum ent for Leiden U niversity in which the graduation errors were kept down to less than one second of arc, and, probably the m ost im portant astronomical contract of his career, the design and construction during 1935-37 of a new reversible transit instrum ent for G reenw ich Observatory. M uch research and developm ent work was involved in the m ounting of the circles and in the dividing and etching of the circle graduations. It m ust have been gratifying to learn, after the circles had been calibrated by the A stronom er Royal, Sir H arold Spencer Jones and his staff over a period of many m onths, that the maximum spread of the errors had been found to be only 0.73 seconds of arc.
Cooke, T roughton & Simms ceased to manufacture astronomical instrum ents in 1937, when the goodwill of the business was sold to Sir H ow ard G rubb Parsons at N ew castle-upon-Tyne.
In the early postwar years Taylor established one contact which was to prove of great future value, namely that with the Scientific Instrum ent Research Association (later to become the SIRA Institute). He was an enthusiastic supporter of the Association and a Council M em ber for a long period, ultimately becoming Vice-President.
It is appropriate to m ention at this stage his long and close connection with the Technical Optics D epartm ent at Imperial College London. He served first as a m em ber of the Technical Optics Advisory Committee and then as Chairman for a term . T his link, too, proved of considerable value over the years.
S u r v e y i n g i n s t r u m e n t s
T he late twenties and early thirties were difficult times in which Cooke, T roughton & Simms just managed to survive the slump. Although, as Optical M anager, he was very m uch involved in the day-to-day struggle to keep the workshops fed with orders, Taylor was helping at the same tim e to lay the foundations of new products which would ensure prosperity in the years to come.
One of these, the result of a conference convened by the Adm iralty in Tavistock in 1926, and attended by representatives of the G overnm ent and the British surveying instrum ent industry, was the 'Tavistock' theodolite.
T he meeting was called because a few years earlier, at a conference in Zurich, the firm of Carl Zeiss had introduced a theodolite, designed by H enri W ild, incorporating a num ber of novel features. T h e circles were made of glass upon which the graduations and figures were etched and, by means of a novel optical system, graduations from both ends of a circle diameter were presented in the reading eyepiece, in which also the meaned reading could be obtained to an accuracy of one second of arc.
Although the system was comprehensively protected by the W ild-Zeiss patent, an alternative m ethod of obtaining a meaned reading was discovered and protected. Taylor and his team set to work im mediately and the outcome was the Tavistock Theodolite, named after the venue of the meeting, which was the first double-reading optical m icrom eter theodolite to be produced in quantity in Britain.
As may be imagined, technical problem s abounded in such a new field. T hey were mainly concerned with the accurate dividing of the glass circles and the etching of lines and figures upon optical glass, bu t also with the m ounting of the circles to ensure that the centre of the dividing coincided with the mechanical axis of rotation and remained so when changes of ambient tem perature led to differential expansion between the glass and metal parts.
A completely new range of glass circle theodolites and surveyors' levels was developed under T aylor's direction over a num ber of years. All were smaller, more convenient in use and, in general, more accurate than their predecessors. He was granted a num ber of patents which testifies to the originality of the principals involved.
T he largest and most accurate of this range of instrum ents-the Geodetic Tavistock theodolite-was supplied with all necessary ancil lary equipm ent to the Ordance Survey for carrying out a re-survey of the British Isles. T he whole triangulation was based upon the very accurate measurement of the length of the Ridgeway base in Berkshire, which was transferred through hundreds of triangles to a second base near Lossie m outh on the Moray Firth. T he accuracy of the whole undertaking was considered to be very satisfactory. T h e outbreak of war led rapidly to a considerable expansion of the York factories and the num ber of employees rose to a peak of 3300 in A ugust 1943, 1400 of whom were women. Instrum ent output rose likewise.
In these years Taylor was in great dem and on various government committees, where his experience in the development of optical sights and rangefinders was invaluable. He visited the U nited States in 1943, at the request of the Adm iralty to investigate progress in the design of stereoscopic rangefinders; travelling out on the elderly Cunard liner Aquitania together with 1500 Afrika K orps prisoners of war and retu rn ing in an unheated, unpressurized 'Flying Fortress'.
A small num ber of stereoscopic rangefinders were m anufactured in York for the British Navy, but, m uch to his disappointm ent, the production of an improved design of pseudoscopic-stereoscopic instru m ent was dropped when it was decided to give preference in the Fleet to radar m ethods of fire-control.
A shortage of optical measuring instrum ents for the M achine Tool industry developed as the war proceeded and it became vital in the national interest to produce a wide range of equipm ent in the shortest possible time. M any of the most im portant instrum ents of this type had been obtainable only from Germ any before the war.
A series of meetings was held between the main optical firms with a m easuring tool capability and each firm agreed to concentrate on certain lines. As a result a wide range of measuring instrum ents became available in quite a short time and was directed into the more im portant factories by the M inistry of Supply.
U nder T aylor's direction a range of optical measuring tools was developed during the war period and remained in production for many years afterwards. T his included horizontal and vertical comparators, toolmakers' microscopes, contour projectors, indexing heads, works m easuring microscopes, optical clinometers, optical com parators and block levels.
M i c r o s c o p e s
Cooke, T rough ton & Simms and its forbears may be said to have 'dabbled' in microscopes for some hundreds of years, but the tradition was somewhat insubstantial and the firm 's serious interest in the microscope as a commercial product was first aroused by the Vickers projection microscope (or V.p.m.), invented by R. L. Sm ith at the Vickers Erith W orks in about 1922, the m anufacture of which was transferred to York in 1933, and continued there until about 1972.
T he V.p.m. was intended prim arily as a m etallograph for routine use in metallurgical laboratories. Optical com ponents were originally bought in, but the design of the low-power objectives initially by Taylor himself, led to higher powered systems and eventually to a full range of achromatic, apochromatic and flat-field objectives being m anufactured, both for the V.p.m. and other microscopes.
Before the war a simple biological and a simple polarizing microscope had been produced but it had already been decided that a more complete range of microscopes should be developed. T h e wartime dem and for microscopes for both medical and metallurgical purposes enabled Taylor to continue with the development of instrum ents which would also be required for postwar production.
In fact, the demand for surveying instrum ents, microscopes and optical machine tools throughout the war ensured the continuity of production so essential to a successful transition from a wartime to a peacetime economy.
T h e e n d o f h o s t i l i t i e s
T he following table shows the num bers of the more im portant instrum ents m anufactured during the war at York under T aylor's technical direction, mostly for the M inistry of Supply. In June 1945, just after the end of the war in Europe, he was a m em ber of a small team organized by the M inistry of Supply to visit the Zeiss works at Jena and the Leitz works at W etzlar, near Frankfurt. T en days were spent on a thorough investigation, w ith special emphasis on the technical aspects and a detailed report was produced. T h e team arrived in Jena only some three weeks before the advent of the Russians and was able to com m andeer any equipm ent of interest for immediate removal to England.
T h e arrival of the Russians was dreaded by m ost of the senior personnel at Jena, but ultim ately they were given the choice by the Americans of remaining in Jena, under Russian control, or being moved into the American zone, where a new Zeiss factory was to be built. M ore than half decided to move.
T h e Leitz factory at W etzlar was already under U .S. control and was to rem ain in the American zone of Occupation.
T h e visit is reported on in detail in B .I.O .S . Reports file No. 9 file no. X X X III-6 4 and item no. 28 file no. X X X III-51.
C o o k e , T r o u g h t o n & S i m m s i n t h e p o s t w a r e r a
T Taylor took great pleasure in collaborating in the preparation of this book, as he had always been very interested in the history of scientific instrum ents in general and in that of his own firm in particular. T here can be few industrial organizations to have their history recorded so com pet ently over nearly three centuries.
Factory output at York, which had been contracting since 1944, declined rapidly after the end of the war, but, as we have seen, Taylor and his colleagues had been careful to lay a foundation upon which to build new ranges of civil instrum ents when the dem and for weapon production fell off.
T h e favourable reception accorded to the Vickers projection m icro scope was a factor in the decision to develop a complete range of microscopes, first to try to secure that part of the home market which had previously been supplied by Leitz and Zeiss, and secondly to capture markets overseas. Expansion was rapid and, since the labour force was still about twice as great as before the war, the program m e was achieved w ithout detrim ent to other ranges of products. W ithin three years turnover exceeded that of the surveying instrum ent side of the business. Phase contrast microscopes, previously only available from Zeiss, were m anufactured in 1947-a full 18 m onths ahead of the home competition.
A new type of polarizing microscope was developed, which used polarizing film in place of the conventional calcite prism s and the first Universal Stage to be m anufactured in this country was introduced.
In 1946, in a paper read to the Royal Society, Taylor described a new type of variable amplitude phase plate in which the transm ission of the direct beam was varied by the use of polarized light. A paper presented to the society in 1950 described the application of phase contrast to the ultraviolet microscope.
Close contacts with the universities and governm ent scientific labora tories resulted in the development of many instrum ents of unusual types, among which may be m entioned a new ultraviolet microscope m anu factured as a result of collaboration with Smiles of the National Institute for Medical Research and Haddow and Roe of the Chester-Beatty Institute; a special microscope for measuring the tracks produced by fast particles in a photographic emulsion, developed in consultation with the Physics D epartm ent at Bristol U niversity and used by Powell in work for which he was awarded a Nobel Prize; and a novel design of M icro hardness testing equipm ent for the V.p.m. A num ber of these have been described by Taylor in scientific journals or in the Patent literature. D uring this period he served as a M em ber of the Council of the Royal Microscopical Society for a num ber of years-critical times for the Society whose fortunes had fallen to a low ebb during the war.
A series of papers published in the Mineralogical Magazine between 1946 and 1953, in collaboration with A. F. H allimond, were entitled 'An improved polarizing microscope'. These described various features of the new Cooke range of polarizing microscopes which established it firmly in both home and overseas markets for many years. Hallim ond had been Secretary to the Petrological M icroscope Committee, which reported in 1945, at the request of the Mineralogical Society and the Geological Society of London, on the requirem ents of petrologists for microscopical equipm ent for research and teaching. He later acted as a part-tim e consultant to Cooke, Troughton & Simms Ltd.
T he application of double-beam interference microscopy to the V.p.m. aroused W ilfred T aylor's interest in the Tolansky m ultiple-beam systems which were applied successfully to that instrum ent and thence to interference microscopy more generally. T his led to the marketing, under licence, of the Dyson interference microscope and to continuous development work by the firm in this field up to the present day.
However, he did not allow his involvement in microscopy to eclipse his interest in surveying instrum ent developm ent. In particular the re-design of the Tavistock theodolite and the production of an automatic level were projects dear to his heart, b u t the latter was not to be successfully realized during his working life.
T In addition to those bodies already m entioned he was at one time or another a m em ber of the Inter-services Optical Instrum ents Committee, the Interdepartm ental Optical Glass Committee, the Optical Sub com m ittee of the N ational Com m ittee for Physics and the Perm anent Com m ittee of Surveying Instrum ents. His frequent absences on business made it difficult for him to undertake civic duties in York, but he did serve for some years on the H ospital Board and as a Commissioner of Taxes.
W i l f r e d T a y l o r -n a t u r a l i s t
We have dealt with T aylor's career as an industrialist and scientist, but so far have made only brief reference to his life-long interest in natural history and nature conservation.
As m entioned earlier, his enthusiasm for the countryside was en couraged by his housemaster at Oundle, H. M. King, and in 1909, soon after leaving school, he joined the W ild Birds and Eggs Protection Com m ittee of the Yorkshire N aturalists' U nion, which was then in its formative period. T his, in a sense, anticipated the surge in N ature Conservancy of the 1950s by some 40 years. He remained a m em ber of this committee until 1972, being Chairm an from 1948 to 1972.
Although prim arily an expert on vertebrate zoology, the breadth of his knowledge of natural history was surprisingly wide and he was no mean botanist. For many years he took a particular interest in the Peregrine falcons at Bempton, Yorks, until their virtual elimination by pesticides in the 1950s. A nother great interest was in Stone Curlews.
He had a long-lasting and m utually beneficial friendship with Adam G ordon, a gamekeeper on the Feversham Estate at Helmsley in N orth Yorkshire. T heir combined operations resulted in the publication of many observations of unusual species which otherwise would have remained undescribed. On one occasion G ordon took Taylor to see a colony of bats in a cave in Duncom be Park near Helmsley. He identified them as belonging to a species only rarely known to breed in that part of the world.
His presidential Address to the Yorkshire N aturalists U nion in 1955 was entitled 'A summary of our knowledge of Yorkshire mammals 1881-1955' and is still considered authoritative.
He was active in the founding of the Yorkshire N aturalists T ru st in 1946, being one of the original T rustees and President from 1951 to 1970. T his last appointm ent was no sinecure as, in the absence of perm anent staff, he put in an immepse am ount of work, was a very active fund raiser and helped energetically to acquire the Spurn Peninsula and many other reserves for the T rust.
Internationally famous as a scientist, he preferred to concentrate his activities as a naturalist upon his native Yorkshire and declined a num ber of invitations to participate in national and international wild-life organ izations. No doubt this was due in part to the demands of business, but his holidays were almost always spent exploring the flora and fauna of distant lands-not infrequently by bicycle and that well into his eighties! Holidays to him were not times for relaxation but for continued effort, albeit in a different pursuit.
Lest it be thought that such an active life would leave little time for hobbies it should be m entioned that he enjoyed a round of golf at least once a week until only a few years ago. He was a keen fly-fisherman for many years; it is recorded that on one occasion a barbed hook penetrated his hand while casting. Rather than interrrupt a good day's fishing, he clipped off the line and suffered the discomfort of the em bedded hook all day before seeking medical aid in the evening.
An idea of his enthusiasm as a naturalist can be gathered from the list of offices which he held in 1955 H is achievements were also recognized at the academic level by the award of an H onorary D .Sc. by Leeds U niversity in 1957, and in 1977 he was made a D octor of the U niversity of York. Both citations laid stress on his considerable contributions to Physical Science.
T h e Royal M icroscopical Society awarded him an H onorary Fellow ship in 1957. T h e death of his wife in 1964 was a blow to which he responded, typically, by taking on more responsibilities and effort for his beloved N ature Conservancy. As a widower over 16 years there m ust have been many spells of loneliness, but he lived by his own dictum that 'hard work never killed a man, but [unnecessary] worry d id ' and was active and cheerful almost to the last.
He died peacefully in York after a short illness on 1 N ovember 1980, being survived by one son and two grandchildren. He was in his ninetieth year.
One thing which gave him great pleasure a short time before his death was to assist in the preparation of a show-case exhibiting his father's medals, books and some of his most im portant inventions. T his has been placed in the Concourse of the Physics departm ent at York U niversity as a tribute to his many and varied contributions to optical science.
W ilfred Taylor always m aintained that, accidents apart, people tend to achieve a level of success in life roughly consistent with their inherent ability, irrespective of the actual route taken to reach their goal. It is interesting to speculate as to whether, in his own life, he would have achieved as much had he taken one or more of the alternative paths which presented themselves at several critical points in his career. Certainly it would have been a loss for the City of York, in his latter days, to have been deprived of his encyclopaedic knowledge of so many facets of Yorkshire life, combined with that old-world charm of m anner which made him such a well known and greatly adm ired figure throughout his native county.
T h e author is grateful to M r Clifford J. Sm ith, B.A., President of the Yorkshire N aturalists U nion, and to M rs H. Lobley of the Yorkshire Philosophical Society for the benefit of helpful discussions during the writing of this memoir. He would also like to thank M r Julian Taylor for the sight of a set of autobiographical notes prepared by his father only a few years ago and for the supply of other useful information. Use has been made of D r T aylor's Personal Record deposited w ith the Royal Society.
T he photograph reproduced was presented to the Society by D r Taylor in May 1952; it shows him reading 'Notes to newly elected Fellows'.
